Summary. The effect of adding LH (10 \ g=m\ g NIH-LH-B8/ml) to 
Introduction
Just before ovulation, the oocyte undergoes a transformation known as maturation, and becomes a fertilizable, secondary oocyte (Tsafriri & Kraicer, 1972 ). This change is recognized to be a response to the ovulatory secretion of LH (Lindner et al., 1974) . Another way of obtaining maturation of the oocyte is to isolate it from the follicle: such an oocyte undergoes an immediate spontaneous maturation in culture which does not depend on the presence of LH (Pincus & Enzmann, 1934; Chang, 1955;  Edwards, 1965) . The maturation in culture appears to be normal in that the oocytes have the structural and cytological characteristics of ovulated oocytes. These oocytes can be fertilized, but at a relatively low rate, compared to that of oocytes matured in vivo (mouse: Cross & Brinster, 1970;  pig: Motlik & Fulka, 1974; rabbit: Thibault & Gérard, 1973; rat: Niwa & Chang, 1975) .
In this study we have examined the effect of LH on the fertilizability of rat oocytes matured in vitro and fertilized in one ampulla of a host female by comparing it to that of oocytes maturing spontaneously, i.e. in the absence of LH, in the other oviduct. ad libitum. Artificial illumination was provided for 14 h daily, but the timing of the period of illumination of different groups of rats was altered to advance or retard times of ovulation. 
Transplantation
Between 06:00 and 23:00 h on the day of pro-oestrus host females were caged with males of proven fertility; copulatory plugs or spermatozoa in the vagina were accepted as evidence of insemination. Ova from donor rats or from cultures were transplanted into the right oviducts, as follows. The hosts were anaesthetized with tribromoethanol solution 1-3 h before the time of ovulation and the right ovarian adnexa were exposed through a lumbar incision. The ovarian bursa was incised over the ostium of the oviduct and the oocyte-cumulus complexes were trans¬ ferred, in a minimal volume of medium, into the infundibulum of the oviduct by a finely drawn, heat-polished glass pipette. Immediately after transplantation, the right ovary was removed, care being taken to avoid bleeding. Since the ovary was removed before ovulation, the ampulla on this side could contain only transplanted oocytes.
Two types of oocyte-cumulus complex were transferred-those which had matured in vivo (in the follicles of pro-oestrous rats) and those which had undergone maturation in culture. Oocytes which had matured in vivo were obtained from donor rats kept in a light cycle 6-5 h earlier than that of the host rats. Oocytes were removed from the oviducts of the donor rats between 2-5 and 4-3 h after the median time of ovulation and were rinsed by transfer to fresh medium at least once before transfer to recipient females. The oocytes which matured in culture were incubated with or without LH for 15-5-17 h. They were then picked up in a polyethylene micropipette, placed in a fresh drop of medium and transferred to a recipient rat. Dead oocytes, naked oocytes and oocytes whose cumuli had not matured in the presence of LH , 1978 were not transplanted. 
Results

Time of ovulation
The time of spontaneous cyclic ovulation in rats of our colony is checked periodically. During the period in which this study was performed the time limits of ovulation (2-5-97-5% of the rats, as estimated from the probit curve) were from 23:50 h of pro-oestrus to 03:55 h of oestrus. The median time of ovulation (50% of the rats) was 01:53 h ± 10 min (standard error of estimation). Since the host rats used in this study were on a different lighting schedule from that of the main rat colony, the time of their ovulation was determined. In relation to their dark/light cycle, there was no difference in either the median (P The effect of blocking of ovulation with sodium pentobarbitone treatment (Table 1) showed that the median time for secretion of an ovulatory quota of LH was 15:05 h ± 10 min (s.e. of estimation) on the day of pro-oestrus. Oocytes were therefore always isolated for culture 3^-5 h before the end of the dark period on the day of pro-oestrus so that they were not affected by the endogenous surge of LH secretion.
Transplantation success
The success rate of transplantation could be estimated as (1) the proportion of host rats still bearing transplanted oocytes 24 h after transfer or (2) the proportion of transferred oocytes later 
Discussion
It is well established that explantation of oocytes into culture medium results in immediate resumption of meiosis, the product of which is a mature secondary oocyte (Pincus & Enzmann, 1935) . Although morphologically normal (Zamboni, Thompson & Moore-Smith, 1972) , these oocytes are fertilized at a lower rate than oocytes normally matured in vitro (Niwa & Chang, 1975) , and the developmental capacity of these ova, even when fertilized, is very low. Since the lack of gonadotrophic stimulation in vitro is an obvious difference between maturation in vivo and in vitro, it is curious that so few attempts have been made to study the effect of addition of gonadotrophin to the culture medium (Pincus & Enzmann 1934; Thibault & Gérard, 1973) . Assessment of the fertilizability of oocytes would be most simply done in vitro. A system for fertilization of rat oocytes in vitro has been described (Toyoda & Chang, 1974 ), but we have not been able to use this method with consistent results. We, therefore, designed our own procedure for fertilization of oocytes in vivo. Furthermore, the developmental capacity of the oocytes could be assessed without additional manipulation. Because oocytes were transferred into only one oviduct, the contralateral oviduct, containing autologous ova, served as a quality control for the spermatozoa and for the maternal environment. The timing for the transfer of oocytes matured in culture into ampullae of mated hosts must be precise. Earlier results indicated that maximal frequency of maturation, as judged by the presence of the polar body, was after culture for 8 h (with or without LH) (Kaplan, Dekel & Kraicer, 1977) . In vivo the polar bodies are extruded by 4 h before follicular rupture (Tsafriri & Kraicer, 1972) . Cultured oocytes therefore achieve a developmental stage parallel to that of newly ovulated eggs after culture for 12 h. In vivo, a further 4 h elapse before 50% of the ovulated oocytes are fertilized . In the present study, therefore, ooctyes were cultured for 16 h before transplantation.
The results reported here make it clear that rat oocytes matured in vitro without LH were only poorly penetrable. Addition of LH to the medium increased this proportion and the resulting zygotes developed into normal offspring in high proportions. Noyes (1952) showed that follicular oocytes of pro-oestrous rats which had responded to endogenous LH and whose cumuli were mucified became progressively more fertilizable with time. Niwa, Miyake, Iritani & Nishikawa (1976) showed similar acquisition of fertilizability in vivo. In our study, LH had at least two beneficial actions on cultured rat oocytes: there was marked inhibition of degeneration coupled with greatly improved fertilizability and developmental potential.
In speculating on the mechanism whereby penetration of sperm into oocytes is enhanced by LH in vitro, the relative roles of the cumulus and of the oocyte should be considered.
Oocytes will mature in vitro even after removal of the cumulus cells (Donahue, 1968 ) although maturation in vivo always occurs within the cumulus oophorus and it has been suggested that the oocyte-cumulus complex should be viewed as a functional unit (Dekel, Hultborn, Hillensjö, Hamberger & Kraicer, 1976; Phillips, Shalgi, Kraicer & Segal, 1978) .
Although little is known concerning the direct response of the oocyte to LH, recent studies suggest that oocyte maturation is the result of withdrawal of an inhibitor normally present in the follicle (Tsafriri & Channing, 1975 Thibault & Gérard (1973) also indicate that the ooplasm of the maturing oocyte of the rabbit responds to gonado¬ trophin. The action of LH on the oocyte need not be direct. The innermost cumulus cells, the corona radiata, and their oocyte are closely associated through gap junctions between the oolemma and extensions of the cumulus cells (Phillips et al, 1978) . By this means, metabolic responses of the cumulus cells to LH could be relayed to the vitellus. LH could also act on the oocytes by causing withdrawal of a meiosis inhibitor (Tsafriri, 1978; Dekel & Beers, 1978; Gilula, Epstein & Beers, 1978) .
In conclusion, maturation of oocytes in the presence of LH permits sperm penetration through the cumulus oophorus to the oocyte and enhances fertilizability of the oocyte. The close correlation between sperm penetration, diagnosed morphologically.and normal embryogenesis indicates that fertilizability, as measured here, is a reliable index of the normality of LHassociated maturation in vitro.
